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A _;_THODFORTHEDESIGNOFCOOLINGSYSTENS

FORBIRCRAFTPOVgER-PLANTIF_ST/_LATIONS

By KennedyF. Rubert and George S. Knopf

I HTRODUC T i ON

A method of organizing design calculations for the cooling systems

of aircraft power-plant installations has been devel6oed for use by

representativ_s,_ of airplane and engine companies invited by the _atelriel

Division, _:rmy Air Corps Liaison Cffice to participate in the activi-

ties of the NACA power-plant installation section at the Langley

Memorial Aeronautical Laboratory, Langley Field, Va.

A schematic arrangc1_nnt of a heat exchanger with a cooling-air

duc_ is showu in figur._ I. The system consists of three parts:

(1) the entrance duct, which slows down the cooling air and converts

most of its dynamic pressure to static pressure; (2) the heat exchanger,

in which some of the static pressure is lost; and (3) the exit duct,

which converts tb dynamic pressure any _urplus of static pressure
above the value at the exit.

At station 0 in the free stream ahead of the entrance, the air

has a static pressure Po, a v_locity V o relative to the duct, and

a dynamic pressure q_. As the air _pproaches the entra_ce at

station l, its velocity decreases, and the dynamic pressure is partly
converted to static oressure. From station I to station 2 the

velocity continues to decrease, usually to the point where the dynamic

pressure is negligible, with a corresponding further increase in static

pressure. As a result of the losses in the entrance section, the

increase in static oressure from station 0 to station 2 is loss than

the decrease in the dynamic pressure.

The air on entering the heat exchanger is accelerated because of

the reduction in fr._c arc_a and on leavi_g is decelerated to s v_locity

equal to the velocity at station 2. The internal resistance of the

heat exchanger causes a roletively large loss of static oressure.

From station 3 to the outlet the static pressure drops to that of

the free stream, and the dynamic pressure rises to a value less than

that of the free-stream dynamic pressure by an amount equal to the sum

of the losses of thc entire system.

The addition of heat to the cooling air in the heat exchanger

makes no change in these f_idament_l principles; but, in the calculation

of the internal horseoower and the exit area, the effect of the heat

_n the density of the air must be taken into account.
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duct cross-sectional ar_a, siuarc feet

comore s sibility factor

weight r_t_ of air flow, pounds per s_cend

static pressure, pounds p_r sq_rc foot

pressure loss, pounds per squ_rc foot

volume rs_e of air flow, cubic foot per second

temperqtur_, OF absolute

tempGraturc rise, _F

velocity, feet Dot s_cond

ncceleration of gr_vity, fr.et p_:r second Dot socolld

dyn_nuic pressure, pounds p¢.r squ_rc foot

m_ss density, slugs per cubic foot

P
roll,rive density 0.0023-_
wi dth

Subscripts :

O, i, 2, 3, _ st_ tion n_mbers _',sin figure !

ILLUSTRLTI_C_ EXZI_LE S

Computf_tions selected from an _malysis m_dc in conjunction with

one of the designs doveiopcd by raembers of ti_e NZCA powcr-91ant in-

stallation section r.r_:used to dcmonstratu the syst_m of caleul_-

tions. Dusign velars theft occur throughout the example h_vc been

selected for the particular d(,sign _md<r ecnsid_r_tion; where

possible, references ar_ listed for selecting similar w, luos for

other types of design,

The _wer-plant install'_tion wns dcsign%cd for r icng-rsngo

bomber, powered by four 2000-horsepower engines cquiop,_:d _;ith turbo-

superchargers. The pertinent d_ta for the engines rrc given in table

I and for the _irplrno pcrform_ncc _,re given in table iI.

A general arrsngcmcnt of the po_,_cr-pl,"nt inst_llation is shov.,_

in figure 2. All coolin_ tnd charge tit is t_kcn in _t the, nose of

the cowling. Air for th,_ sum9rch_rgcr intnko, oil coolers, _nd

intorcoolers enters through the outer _,nnulus _.nd flows through ducts

distributed _round the periphery cf the engine. Cooling c.iF for the

engine flows through the inner annulus over the engine and is dis-

charged through outlets b_twcen the eh_rgo-_ir _nd the cooling-air

ducts.

I
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All cooling calculations are based on Army summer air, which has

the same pressure as standard air (reference I) but has a temperature

20 ° F greater than standard throughout the range considered. Pro-

perties of this air are given in table III.

Engine Cooling System

Detailed computations for the engine cooling system at the high-

speed condition, under normal rated power at 20,000 feet, are pre-

sented in form A, which is the master form suggested for use on all

cooling systems of the power-plant installation. The fr@e-air con-

ditions for pressure, temperature, and density are first selected from
table III for station 0 and ent6red in the form

Po : 972 Ib/sqft

To = _87 e F abs.

Do _ 0.001160 slugs/cu ft

From table II for 20,000 foot the high speed in Army air under normal

power is 358 miles per hour, corresponding te V o = 525 feet per second.

The dynamic pressure is

i 2

q = _ 0Vo Fc

where the comprcssibility factor Fc

given by the rclation

(voAoo)2
Fc : i + 1.o35 T_

derived from reference 2 is

 Vo/ OOl  o]2+ 0.4221, + ...
L

Therefore

and

i ]2
s.25)2

(5.25) 2 + 0.422 287 _ 1.063
Fc = ! + 1.035 287 ]

i
qe = _ 0.001160 × (525) 2 x 1.063 = 170 ib/sq ft

Station 1 has been included in order to orovidc in certain flight

conditions for an increase ±_ pressure through the propeller or for a

detailed analysis of the losses for a complicated inlet duct. For

the casc _t hand, the computations of the values for this station are

unnecessary.



The properties of the cooling air In front of the engine at
station 2 axe n_w required to determine the amount of air necessary
for engine cooling. Inasmuch,.s the dynamic pressure at station 2
is small, the computations maybe simplified by assuming that all
dynamic pressure exclusive of duct losses is converted tc static pres-
sure,

TPe _w_o columns in form A under the heading Transition are fnr

recording the changes that occur between the preoeding station and

hhe station under consideration, The c:_lumn headed AP gives only

the losses of total presagers| conversions of dynamic pressure to

statlvo-_[_essure or vice versa are not included in the values in this

eolum_n. The column for _T shows values fur the chang_e in tempera-

ture, regardless of e_nse, and includes both adiabatic chances an_

changes due to heat transfers.

For the entrance duet u_d in the design it _a orobable tba%

approximately 90 percent (f the frse-_tre_m dynamic pressure can be

eonver_,ed to static _ressure at the front face of the engine. In

othor words, the entrance-diffuser loss is estimated to be I0 ;_ercent

of the free-stream dynamic ?ressure, 17 pounds per square foot.

Accord ingly,

P2 " 972 + 17o - 17 - 1125 Ib/sq ft

The temperature rise due to adiabatic compression of the air

in the diffuser inlet can be expressed in terms of the velocities
alone

_To._ - o.63_.[,lo_'/ " _loo/

This expression is derived from reference 3,

As previously noted, V2 is negligi_.le, and the temperature

rise used for the computation is

/._o\ 2
o.832[i_oI = _._32 (5.25)2 - z3"F

Hence, the absolute temperature of the air at the front face of the

engine is

T2 - )407 + 23 " 510 e F abs.

The =2ss density of the air may now be conputed from standard

_ea-level density as follows_

I
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P2 ×_.4
P2 = o.oo2378 × _ --_2-

.001285 ft
= 0.000583 _ = 0 slugs/cu

The various engine manufacturers use different methods for ar-

riving at the amount of cooling air required and the corresponding

pressure drop. All these methods, however, require a knowledge of

th_ condition of the air at the front of the englne. _ typical ex-
ample of such a method is to be found in reference h. For the case

of form A the required air flow is 37.3 pounds por second and the

corresponding pressure drop is 51 pounds per square foot.

The computation of the velocity at the face of the engine is now

possible. In this case tho velocity is found to be about 60 feet per
second, not enough to make any appreciable change in the static

pressure (-2.3 lb/sq ft) or in th_ absolute temperature (-0.3 ° F abs.)

at the face of the engine; hence, the dashes inthe tabl_ indicate that
the quantities regarded as zero are allowed to stand.

Behind the engine at station 3, the transition column shows the

51 pounds per square foot pressure drop siren by the manufacturer and,

inasmuch as the dynamic pressure is negligible, P3 = P2 -ZiPs-3
- 1125 - 51 = 107& pounds per s_uare foot. The temperature change

is Obtained by dividing the heat rejection from the engine (25,000 Btu

per min specified by manufacturer) by the specific heat of air and the
weight rate of air flow.

AT = x-6.-_ x _-_._ = _?o F

and

T 3 --T2 + AT = 510 + h7 --557 ° F abe.

It is unnecessary to evaluate the density at this station.

The pressure loss from station 3 to station 4 is estimated to be

9 percent of qo or 8.5 pounds per square foot. For simplicity, it

is assumed that the exit process consists of a pressure loss without

change of temperature followed by an adiabatic expansion. The air is

therefore regarded as expanding adiabatically from a temperature of

557 ° F and a pressure of 1074 - 8.5 = 1065.5 pounds per square foot to

free-st_emm static pressure at the exit, 97__ pounds per square foot.

From the thermodynamic properties of perfect gases, the absolute

temperature at the end of such an expansion _s the product of the initial

temperature and the 0.286 power of the ratio of final to initial pres-
sure S
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/ \ o.2 6 
= i 972

T h 557 _ I ! [5 _ ] i I = 5 _ _ " 560 r I [' b S "

a t om?qr_t!:_o.dr0p O#_!4.t_._ ° F, ..... . : :.. r <:: " "

" T.hc_:srltisf_,.ctory_ovn, luatiml of the exit wlocity re,T4ircs r,n

accul,.nCy of .four signigiC:]qt figures in th9 .v£!'90 9f .AT snd

nc.cessitatos, thc qse of,.!qgaritb_s. As this process is adicbatic,

the _xit velocity c_:n bc obtained dir:,ctly from.the t{omperrturc drop,

Iv.l,'
:. T3-_._ . : \leo/ .. .... - ......

-. .Upon detormiimti_n of the .dansity of th,,_cil_ _',.t the exit and

by us.o.of the j)rcvi:)usl,y obtriliod _-_,ight-fl.ow .r_.tc, t,_ vobmn(-flow
rat.3 is fo,md to be iii0. cubic f....t _)c,rscco.nd. A.tin(-"-_xit

velocity of _16.8 fc.:_tp::,r second, an c_xit.area of 2.66 s._u'.rc fc_t

is. ro_iuirod ...... ; • .... . : " " - { _ '

The inbarn_i per:or consumotion of the engine cooling s_st__=m is

obtained from the rate of chs,ngc of momentum of 4_o co)l_,_ air,

weight/see x V° (v° " V_). " j "3.7,__3 x 525 (525 - I_16) 121 hp

32.2 55o 32.2 55o

Owing to the m,_nncr in which the now, r hrs boon computud, the
_eredith cff(:ct due to theicddition 6f ho',_t is included. A dis-

eussion of the rolr,tion _f ..,,,,_,:,"-c,dith off ct to cooling horsepower is

given in r.of_:r.]ncc 5i '_...... 7 :.. ." ,;i .... " ? . : • •

The resalts of similr_r c_,Icul._,tibns on this _nd'otl_bf O0erating

conditions ov_r cn ,Ititudc rr<_..g,;from sot: levL..l to 25,000 fcct aro_

given in tables IV, V,- snd VI. "The varir:tion bf ._nsint cC_li-n_-r_:ir

exit _roa with altitude and eohdition of' fli4ht is'nrosc_itcd

graphically in figure 3- -": ..... ": . " ....... " ' : .....
4 if:_: .... : .... " " " " .... " _" "

. . . .... . .. ........ :, ', ' ' " ' [' ": :7 :, .

:. ...-..- - Cil Cor.lc.r ...... _"'

It is ncc_ssr.ry to suL, ct an oil .cool,.,r b,f_r<, proc_cding

with thu analysis of the system cont:_ining ths cool,-,r. B_;cr. uso an

oil cooler cdoqurtc for clime rt sea level is usu_lly sntisfactory

for all other flig_t conditions, a prcliminr_ry choice is m_dc on this

basis.

I



D_tq on co:m..rcir.1 oil cool,_rs :ru ofton orcsontcd in curve

form, ns sho_,_L in f'isurc _. Thc curvcs show the hcrt transf.}r

3 tu/rain

i00 ° F %m._. diff., av. oil ai'_d_nt_ring ,.ir

olottod a minst cooling-air fl_ in pounds p<r minute- for scv,_.r:-;l

rrt_s of o_i flow. _I ,_dditio;,rl curve shows the _r,_ssurc dr_',_

r,.quircd to _rod:_cc _ny flow rr.tc _f st_:_d;'rd sc_-l,.:vcl _ir. For

_"z_ycth<r condition th,. press ._rc. drop is dct,_._.:i:..(.dby di'_iding th,:'

val_c obt._,ir_cd.fror, the c._rv,_ by d3, tho rclrtiv<; density of' thc air
:t tat f_cc of th<: coo!or,

,m ,_"b._ i c for ri.v__cngi.qc so_ cificrtio_,s in _" _- _I! ;_t rejection to

th:- oil _t military oo:,<r of (:500 3tu _)cr r_inut,.,c:>_dfor ,, t_:la<r-turo

of' IC5 ° P for oil r._tuj_ning to d_.:.._ngi_:._. The r,'..toof oil flow _s

155 !?o_d_ _.cr minute. _'ith an as_:_q.'_dsocclf'ic h_ rt for tb_: oil of'

0.5 Btu ocr pound )_;r OF, th._ t_:np'.r::tT_rcdro.) of" the oil h}{z'o:_ih_ho
cool, r is 96 ° F _d _'_....... _'vcr.,:_: cool..r tcm'_..:.r:"t,_rc is 692 ° F, '-bsol.Jt ....

2h,_ t.:>_.o...r.' tur,_ of the _ir :'t th., cool,.r i".c,_, obt_.in_,.; in the s_mc w,-y
r_. iz: _n,. engine coolz::g :xr.m..*_l:, iu 503 ° f', Inrm_-mh _-s t,.,.o oil
coolers "vhich ._r...simil: r wlt[;_ r.;g_'.."dto both "it ,._;doil fiov: rru to

bc "_scd, the hc,.t trrq_c_i"cr f,nr ,.;-c!L unit is

- 5  )/lOO IO0O F _'""tZ]..=I ,

rnd the r,-t.:,of' oil fl.m, o.r u.'.:iti'_;67. 5 pou>ds ,)<r _::inut<. Prom

fi_r,) i_ _> -Jr fiO'c''of' _i5 90unds _r r:i::ut,,in r,:q_ir:_d with r pr_ s-

s-ur,.. 4fop of 7 incb..s of q'rt_,r i_'.s..7._,Tdr'rd sc:-icvcl r.ir. In;_rmch

-s the density of th<. :Jr ,.t the. cool._r i'rcc r<l_ ti-:c: to strnd.:rd sca-

l_,,cl r.ir is O.')&7, th. cetu'l pr<ssur,., drop is

7
_-_ = 7.1_ i:, w..-,t,.r = 36.5 lb/sq ft

From t..,_isooint on, th, :n; ly___is for ,i_t<.rmi_i_g the duct _,:ib '.:r_._;

_'.nd th_ !ntcr:,:,'.lhc,rs_.ooccr is o,',.cisoly 4h,'. srm,'; ,"s _}<t for t'.qu

cn.'Iinc coolir-L.'-_'irsystcra, g.'.bi,s IV, V, :]_l,(i VI inciu.dc th: r suits

of th_ com-)ut",%io.us for .ii fii;Tht conJitions co_.si(_,r.d; exit ,m.. s

"re shmm ir figur:, 5.
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lhvo fr.ctors >airily determine tho s_l, ction of _n intorcool<;r;
the weight _'_t,> of flow of ,regime ch.-rg_,_ir 'u_d the roquircd intcr-
oool<r off. ctiv_n,css. The <,ff_oti_cnoss is d_.fihcd _s the r_ tic of

the tcmo,,r:_turc drop of the cngine_ ch;rgo ri_ ,'_sit go<s through the

cool,::.rto the, t._mpcr;tur,, diff,,r_:ieo b;,twocn th_ hot charge _ir ,*_nd

the coolin S fir cs they ox_tcr the cool, r.

Th_ tcmo,_rc_tur<:s of the cir e_t,:ring tho sup',,rch,rg,or rr,,d the

cooling .,-ircntcri:",g the i:t_.rcoo! r _re dc,t,orr,iin<,d in the: scarce,mc_nn,sr

.'.sis th<, tomourrturc of the- ,'ir _t thv fc.cc of bh(, ci,gino.

Th<. absolut_ t.moor turc of th,_ _-ir -.,"_vzng the: supcrch:rgcr

Tb is obtained from tho rol; tion

i _,'_Pb

Tb = Tr i +- [! ,_-
.... _;_d [kLa) - i

/

T

P_

Pb

_]_d

..'"bsolut,:..is-.mo,:r,turc of .iF unt ri<g suo:.rchrrgcr

tot,-I :_rcssurc of :_ir o._t,,tringsuo,.:rch;'rg_-r

tot_l ._rcss4rc of _'J.r ..... '-

tcmpcr:turo r_tio _ffici-_r_cy of sup.:-rch'rgor

As cn ex_molo, considor the climb for norm_l r,'tod o_:r at

25,000 fcct in Atomy _'_ir,the t,ub_l_'r comput_ tions for which appear in

form B. Tho _.ir _t the (,ntr_.ucc to th_ supcrch_rg..)r h;s r pr_;ssur;,

...... t _r_ of 482 ° F. From t_.blcof 855 pounds o::r squ'-rc foot "r,d _ _,_,:,_r_
I the .... "_:_u_r:_,a c<rburotor orcssur,_ for i_or:-a_lr_tod p_;_..r is 2_.i

inches of m<rcury. /_ _,].lowc_ncc of 1.35 ic_chcs of m- r,',_ry is mrdc _

for ?ressure lossos from tho suot.rch_:rgcr o_ti.,t-through the intor-

coolcr to th:: c_-_rbur._:tori_Ict, _r_.l_4_-'" the ._,ec-ss"rV_ su)_.rch_rfer

outlet or, ssuro 29.h5 i:_¢hcs of ;:orcury or 2051 oounds ><r sq,_<-ro

foot. With c tcmo<,r<t::r_ offici,_ncy r,ti.o of 0.65, th<, suo ,rch_rg_.r

outlet tcmpor, _t_re is

+ \ -
= 699 ° F _,bs,
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.....olc I is I00 ° FThe reiuircd c_rbur,_tor t_r..o_rrtur_ from _.n

(559 ° F rbs.) rJ!d the cooling fir _t th_ entrance of thl int:rcoolor
• ' 4.1 .is _62o F r'.bsolub._ The required cffcctiv..ncss is cn_rcforo

TsuDcrch'_rger outlet -Toarburotor

TsuDorch_rger outlct--Tcoolir.g-air ini_t

699 - 559 -,-
= = 0. C_O

699 - _$2

At nor:n_l po_scr the chnrg,.,_-cir eoms_Lmptio_, which _mst co cooled

to this effectiveness, is 5.88 pomids o<;r s6cord. The ir_ber of

possibl_ int,_rcoolc;rs to :.ncct thcss corditions is unifnitcd but is

successively " _ t_nrrro.,m.u do_.m meet conditions of or,_ssurc drop

availqblc, space I' _'_" : "mml ....t_on, ,_d power required _hc unit iDvosti-

g_tod ne_sures 8 inches in the direction of cooling-.ir flow, i_

inches in the dir. ction of ch,-_rgo-_ir flow, _nd I_!.5 inches in the

no-flo_ direction. Ch_racteristics of this m_it _pplic_bl_ to ",ny

no-flow length :re or<,scntod in _ _..._)u_I-'_6. (An cxol_n.,cio__ of this

type of curv_ is given in r_fure:mc 6, _ _ _ -_, _oB_.l_r with simil_r c_rv<,s for

a w_ricty of int:'_rcoolers Civrts for the dosig_ of cart_ir: tvo_s

of tubulrr int_rcool_r arc given i_; r_ fcrcnccs 7 r_nd 6.) Entering

with r chrrT",_._flow per i_:_chof width of 3.88 pounds oct s.,-_con:l

-.'_41.5_nchos = 0.0935 poun_ ,_cr sccon_i _r iuch Kiwis _.;2_ AP2 _or
th_ charge :_ir, a value of 5.6 itches of w:tcr. The intorscctior, of

• _,_ ' APIthis znluc with a cooler ef'fcctlvc:!ess of 0._ i_,/icrt_s Clcv
for the cooling cir, a vrluc of _.o_, inches of wc,tcr ;-q_.a coolb_g-_ir

flow rrtc of 0.19 ,oound o_r sccm_-I ocr inch, or 7.98 oo',mds_. o:r s<cond,

retaking the r_tio of c_oling-air fief: to ch.-rgo-rir flow 0.19_0.09_ 5

= 2.0_. Tn,: t_:mo:ratur<, rise of the coo!izig ._ir is the t,:mo,_rqturo

drew of the oh: rge _ir divided by the ratio of cooling air to,ch:rge

_ir; i_0 = 68.5 ° F, nn4 the _qccrt temp,.-,r_.t,zr.._ of th_ <ir is the

t<.mocr_t_o rt the entrr_nco olus one-ho!f ti_s tcnporaturc rise,

L82 + 31_._ = 516 ° F ,_bsolutc.. C_rrospon]i_:g to _,kis t_,mpcr_urc. ::'nd

to a _r:..ssurc: ;t the cntr_.nc.c of 855 po',u;ds per squ_,.r_, f<,ot, tl:c

• _,_-v<;rcgo r,,l_-t.iw;_ density of the: cooling oily Clr, v = 0.!;05, • -' t}_.c

"ctual prc.s._urc ._r,p :_f _ho esoi:::_ -.it is _ Q'q "
l_v 0'i,O5

inches of v;atcr, or 51._ pounds per squar_ foot.

Jith the foregoing infom:_" ti9n it is nov: o<ssiblc to, ccmputc

the v,,_locity of the cooling fir rt the exit and the area nf t_c exit

_;s wcs d_nc for th,_ onginc-coolin![ S[rSt(]m, _bout 76 Dcreont of the

origi_l d_-n<q..icnrcssurc for the climb cor:<_l_"t_:on m_.der consi:loration

has boon e×Dendod in pressure l:_sscs by the time zh_ _ir _rrives at the

rc_r :)f the intcrcool<:r. The exit velocity to b,..created vith the

r<r_r_ining energy is so lovr thr:t oxccssivuly l'rgc exit :-.r_ _w_uld be
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r;_quiroc'. Ext¢-,.-,siomof exit flops dccrc:_scs the static orcsuro _t
the d:_ct exit, m_..kingev_,il_,bl_, o gr_-t_ r pressure ,]iffero_c_ f_r cx-

polli.ug th_ ;ir, v<h:ich cr:_t:_s _ hi ''_--r _ _ '-_9,_: cxit vol<ci-t:_ nd m_:=_s o.more

• _e._.t...._ flP,os in th: t thc_ pros-Jiffcrs fr':_mnr,_vi.us c _scs h_vln_; ..........-'o,

t_ be 0.2q_ (16 lO/sq ft). _9_,c:_usoof th: l,_rg< extcr_,ml .... r1"

_ffccts i_= _:_;_.r:-ti<_,_vi_h oxtvndod fl._o_ inb.r_,_l h.:,rsc_owor c_icui-:-

tions in this css,_ :_r. rcg_rJcd _.s of little or no v_,l_c. Sr_-mc<x-

pcrim¢_:trl m{,,sur:mc_ts ._f the influ¢_}cc of fi_os o:_ the 2r<ssurc <t

th,..oxit _r_d ,L-_g _,f tho _irpl_,r,_ re_: giv<n in r_fcr<.ncc '_.

Th,_ (.urv,_s_bf oxit ",r,:r._'s ,:. function ";f flight condition _u.,.d

rltitudo in figk_': _ _chbv:th: t th, int_..rcoo!or "-.... __l:,ves_3: t,%d is s:tis-

factory for _.p<r_tion _t n_-_r__l r tc,:lp,_v,v."but is iz._?,cqu_,to f_r

military r.tin S . ?h< :_ccd f:,r _-"!'._'_..ri,t :rcpo]<r cr:p_b]o :_f

m<,_ctil,g the nilit:_ry rating is _!'<,nt. if it is f)und un,!c,sir_blc

t._ incr,<_,s¢ the r_-f'lov,_iongth ,_:' tho unit, it :-_illb<_ L_.ccss<ry b:, in-

vcstig_- to. _ diff_:r_,:',tty.pc ._f o:,rc:.

Exit <rc_.s _rv <"..;si,_ncdto c!u-}tr_-ith<, r_ to of fl:..v:{.,f_ir

thr<ugh co-fin= :_ucts. Th_ ,'r<,< if ,_o ,:iuct ir,lt_t is b_scC _,n tho

.....} _ v,_iocity Vi/V f '_.'_by <xp<,ri:._c:ntr_tic >f inlot vc:iocity t:_ _:_L_ :) .......,

t_, bu optimum: _,_ith .-cg_:r,:t::,the iwb, rn: I :_t:';_:,,cel.,ss :nd tho cxt.,.r-

r,:l /rrg. In the s._icction ,f the i_:l,:t :r_:_,it h_s b::on f::,m_<ic:_n-

vonicnt t.:.ol._t curves -.f or_tr,nco ..'r-._r.z,_'-_iasbth,.:_'z.ti.: VI/V o f. r
c. ch n:_ir,,fl_ht c..n:[iti0n As thcs,:__.._rv<;s'-'r,_hvo_=rbolic, th_.v

may b_ dr=_v,_ir-s 1,_5_ straicht li,*±cs <n 1 _i],..<rith__icp<oor, "_s sh-wn f.>r

,, _',,_ ' ::<_:-'ts th:: c_.: rg,: ,_r _.n{._ :'11F-r th, .m_i'_ ,'ir inl<.t, - '_"cn ' _....... ,

coolin d -irs, thu t_ li!':os it. fi]ur:: 8 _'-:or_,_t::,,th{: _:;xtr::-mssin

r,ro_s requir<C f_',rhi_h-spo:Ld _nd cli__b c n,.,iti.-_ns_..:ithmilit,_r_o' o:.vrcr

from so_ .Ic:v,:lt< 25,000 fo<'t. As _,ir i.<l<ts :r_ us<'-lly ,_f fixed

sr<>r_, the inclusion _f flJsht c:_n:iti _:s in st,,nd,":r_fir is nccossrry.

Fr__m a,:.r.,_vn_::iccu_sid_.r, ti _.s ,qr:irir_.m.',inlct-v,,Jl",oity r_tio

V I
-- = 0.4 is consi_lorod oss:..ti,_l t_ th< n:'<ocr f,m:cti<:,ni_g .f the.
V 0 -
c_w!ing um?__r c-_nsi..k_r_-ti_m. Th,_ curves sh_w t}_. b ;,n ir:l.,._t,tea _f

_ squ_r< fcc,t ::_,:,,-'ts this rcquir_:_.<_nt f'-_r st_;,_d_r! _ir _J_th _t <x-

ccssivc v,_!_.citj r,.ti _s for clinb in Army _ir. _<._ sp:.ai_-,lc" so ."_f

sc_ps is tr_:tcO in reference i0.

i



COUCLUDI[ G RE] :ARKS

II

The analyses of desig_ c)nditicns for _,]iintercooler _I_d an

oil co_ler i_ve been illustr_.ted rather than the _mthod <f the

_election of ootimu< _u_its. Obviously, fnr a particul_r airol_ne

tke _voil_,ble sizes and types of best e:,tch_ngers sh-_._id be c_J_sidered

_in rder ....._,:arrive at the be,st arran,gement with due regard t<..the

relstive imp)rtar, ce of the vsrious fact3rs inv,7,1ved. O_',esuch

factor iuey be weight, :_r sinpiy the drag h?,rsepo_ver _ssnciated with

the weight, given by the relation

CD V u
r " "h ,] _. -__.elg_,t-_r_ hp = weight x __ x

cL 55o

vrhere CD/_ L is the ratio of the _d_rnlane drag to lift, snd t!ie
v,,eijb_t i_ theft of the cn:ler and ducts. The b_tal h:,rseo_wer

chalue_bl_ t<, a cooli:_g syst_m is comprised :_f the wei[nt h,_rsep_,v_er,

the internal h_rseo-,_4or as calculated i_: this rco_rt, and the ....

h rse):vrer assoe_._ted ',,_iththe effr:ct -:,fthe c-,oli_;g system on the

extern_;:l _ir fl)_'_ab:ut t}:G _,irplane. b ....-cJ._,_l dats _re us_a!ly
" _" _ the exter:,.,'.,l]_.:rseo ,_._',:r.necess,-,ry for _val._a,,,!_n )f

S )ace I imitsti-,ns frequ_u _tly ov<_rrid_ aI ! tb: r c,>nsid_u'ati Jn s in

the select_ _,n -f c>:,li.ug _mits, ..... t__,un th<, d,_trim<nt _f c ,:_ling

chnrectcristies ,_s _<'eil as at the ex2:ns_} .f addit_<,nal pov_or, rhe

imo:_rt_i,ce _f selecting tke c<_o].in_]units i_ tl,.every ertrly stages _f

an _irol_nc design i_ order to be ::blc t,_ instell units thaC n:_t

"-,flypc:rf:,rm their fu:_cti:n 'but pcrf)rm it at a rol_tiv¢ly l,mv e?.st in

h_rscp_:_er c_,nn:_t bc -:v<romphasizad.

There is an evcr-ir:cr_>asin Z d;:an, for r<:li_,ble orodiction <'f

e.>_li_g perf::riuonco ?wing to the n,_ccssity )f uYiminating experimental

airplanes nr,l :,f pr::ec_ding ir:me,c_i:_telv from th,_ d,,si_, t_ l_rg_-scslc

o. ,<uc_ion. Because .,f this situati'>n s_d !:he incronsc in the speeds

ard altitudes <f flight, there _s r.n urger,t < -_. :q.:ou f-r accurate and mDro

extu_sivc basic rb_t_,on the chrr_.ct,:.ri_tics _f _-;ngi_c::_,suoorch:_rg6rs,

h_at cxchnng<:;rs, snd cncliJ:g-air ducts.

Lr n_ cy _,_cm:',r_clA<.r::nautical _T,_._-,__ro t <,ry,

N_tional Advis _ry C " -'" _- -

L_'_nc_<:yFi_.id, V<..

REFE i?_:CES

Dichl, _blter S.: Standard _.,mosphcro't - _r,bl_s _nd

D_,ta. Rcp. I_. 21g, !fACA, 1925.
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Brake outout, hp

Eagine speed, rein

C,_rbur_t-_r _r_-ssur_., in. Hg

C_:rburet-r te:qoer_,ture, °F

'ir c,,nsttmptiol_, Ib/:;in

S?_)cific fuel c_ns_npti.,,n, Ib//bhp-hr

Oil heat rcjecti-,n, Btu/min

Oil circulati,n, Ib/n_n

Oil tem._-rature, °F
tfaxi._-;zm roar h_ad tom pcr_'_ture, OF

Effective b_ffie area, sq ft

H_._t rejection from fins, i_tu/._:in

_upercharger temocr_,turc rati,.,

efficiency

aHiij_ Speed. bc

2200

2600

29.8

I00

2&2
o. 76

6500
135
185
_5o

o,65

]',J ,r]-ai

re ted

p C-,'_E,r

0. 7 .
n:-r_ml r_ted

,,%r3__8o O _v¢cr

_o6
.__36o

i00

172
0.50

h<_o

2OO0

2]_00

2S ,i

ioo

233
O. 7C

55o0
13o
185

3_2 3.2

25,o0o I 23,8oo
O.65. o.65
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Tt2LE II - PERPOR!'.'I_CED'TA

;ititude

O

3,000

6,000
i0,OOO

i5,000

20, OOO

25,000

3O,000

True airspeed, mph

305

3__4
,2"

J

357
375
393
),/o

h'ormal r.:,tcd_2cwcr

_i - od

•291

3Oi

311

32h
341

375

Ciimb

17o
178
186

198

215
235
26S

327

o.7
•n-rmr 1
crui se

259
268

276
288

3o3
318
333
31,7

TABLE Ill - _;,_.,_L'_"_'_'_'_[ESOF ,R"_.... S'_:'U_R AIR

_" . °;:it±_,ude

(ft)

w

0

3,000

6,000

lO,O00

15,ooo
20,000

25,o00
30,000

. i

m..i..--.--.-.--. =

St;_tie

Pr''_ s _ur_'' Po
.P I / . .,,_bjsq ft)

2116

z<_95
1694

1453
1192

'_72
7C5
628

Lb s__iut_

to:7_dr.'.ture, T©

(T _,b._.)

558
5,h8
537
523
505
h.:_7
4(_9
h51

Dcnsi t,-
(Si',_s/cu f_)

o.ooJ_lO
.002015

.0Ol_!hO

.001620

.ooi378

.oo116o

.ooo973
•ooO[_,I1
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Figure 1, - Pressure v_iatton in a cooling duct.
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